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The biodeposit production and oxygen uptake by the Japanese common 
scallop, Patinopeeten yessoensis (JAY), were investigated in the laboratory. 
Larger scallops produced more biodeposits, but the amount of biodeposit per 
unit body weight was larger in the smaller ones. ·More faeces were produced 
in winter months, while pseudofaecal production did not show marked seasonal 
variation. Pseudofaeces increased when food concentration increased, but the 
faeces remained constant. The rate of increase of pseudofaeces with increasing 
food concentration was larger in normal scallops than in abnormal ones, which 
had incised shells and destroyed mantles. The activity of biodeposit production 
was weaker in the abnormal scallop. About si:x: metric tons of faeces and about 
two metric tons of pseudofaeces were estimated to be produced in a day by all 
the scallops cultured by the hanging method in Mutsu Bay. Larger scallops 
consumed more oxygen than the smaller ones but the reverse trend was recongnized 
in the oxygen uptake per unit body weight. Oxygen consumption increased 
with increasing water temperatur,es in all size classes. 
In Mutsu Bay, northern Japan, the hanging culture of the Japanese common 
scallop, Patinopecten yessoensis (JAY), was started in 1956 and prospered greatly in 
the 1960's. A large number of cultivation cages were hung at the depths of 10-15 
m in the coastal area of the bay. The most important ecological consequence of 
this culture method may be the fact that the scallop, originally inhabiting the 
sea bottom, is cultured above sea bottom. Namely, the number of suspension 
feeders per given volume of water column increased greatly. Since faeces and 
pseudofaeces of suspension feeders sink easily, their feeding and egesting 
activities may influence both the physical and chemical environment and life at sea 
bottom. In the past, in oyster and pearl oyster mariculture farms, the effect of 
biodeposits on the water and sea bottom conditions became an issue, and many 
investigations on the biodeposit production were conducted (Fox and CoE, 1943; 
!To and IMAI, 1955; 0TA, 1959; HAVEN and MORALES-ALAMO, 1966; ARAKAWA et 
a!., 1971). These researchers measured the amount of biodeposits and discussed 
their effect on farm pollution. INOUE (1974) reported that the growth rate of 
the yellowtail in a fish farm was adversely influenced by low dissolved oxygen 
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concentration, H,S and NH,-N production in the bottom ooze. He speculated 
that these materials originated from faecal materials produced by the yellowtails 
and remnants of food supplied to them. The faecal materials play an important 
role in farm pollution. 
The present study was undertaken to estimate the amount of biodeposits 
produced by the cultured scallops in Mutsu Bay. Up to the present, some ecological 
and embryological investigations have been done (see YAMAMOTO, 1964, 1975; 
MoRr, 1975; OsANAI, 1975), but the biodeposit production has been neglected. 
Although pollution due to biodpeosits is not yet a serious problem in Mutsu Bay, it 
may be anticipated to be so in the future. Consequently, the present basic study 
may provide important information concerning farm management. 
Recently, mass mortality in the raising of scallops has been reported in Mutsu 
Bay (KANNO and SATO, 1980). Most of the dead scallops suffered a deformity or 
incision of the shell margin and become distorted. It was also observed that 
harvested scallops occasionally had such incised shells and destroyed mantles. The 
physiological aspect of such abnormal scallops was not made clear. In the 
present study, biodeposit production and respiration were measured and compared 
with those of normal ones. 
MATERIALS AND METHODS 
A plastic box (24X15 em and 10 em deep) with a nylon net shelf (2 mm mesh) 
at 5 em depth was used to collect faeces and pseudofaeces of the scallop. The 
scallops used were brought to the laboratory from the cultivation cages in 
Mutsu Bay just prior to beginning the experiments. Two individuals of > 100 g 
(wet weight including shells), three individuals of 10-100 g, and five individuals 
of < 10 g were placed on the shelf in three separate boxes. These boxes were hung 
in a large tanlc, in which non-filtered natural sea water was supplied at a flow rate 
of about 2 1/min. Faeces and pseudofaeces deposited in 24 hours on the bottom 
of the box were sucked up through a pipette, washed by distilled water, filtered 
through a Millipore filter (0.45 pm pore size), and then weighed after dessication. 
The amount of suspended materials in the supplied sea water was measured three 
times a day by the same method. From· February 1978 through August 1979, 
the amount of faeces and pseudofaeces was measured for the scallops of various 
sizes under natural light conditions. 
The experimental apparatus illustrated in Fig. 1 was used to determine the 
effect of the food concentration. Normal (55.00±16.13 g, mean±90 o/oCI) and 
abnormal scallops of the same age (39.49±19.59 g) were used. Scallops kept 
in filtered sea water for 24 hours to empty their guts were used. Suspended 
materials deposited on the bottom of the large tank, in which natural sea water 
flowed, were used as food. The greater part of the food was composed of clumps 
with indefinite physical structure and the rest was planktonic organisms and 
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Dark box 
Reservoir 
Fig. 1. EXperimental apparatus. The water containing food in a reservoir of 10 1 is stirred 
up by a magnetic stirrer and supplied to the scallop kept in a dark plastic box (25 
om long, 15 em wide and 10 em deep) by a pump. 
bacteria. After the scallops were observed to open their shells, the water 
containing the food was supplied to the scallops by a peristaltic pmnp for 8 hours. 
The faeces and pseudofaeces on the bottom of the box were removed separately, 
dried in the dessicator, and then weighed. The amount of faeces produced by 
the scallops, which were transferred to the filtered water after the experiment, was 
measured together. The data obtained were converted to the values per day. 
This experiment was conducted at the water temperatures of 5.0-7.0°0 under dark 
condition. 
The oxygen· uptake by each scallop was measured by the Wiulcler method. 
The scallops, whose shells were cleared, were kept overnight in filtered sea water so 
that their gut was emptied. They were sorted into size groups and then trans-
ferred to dark vessels (24x15 em and 10 em deep) containing filtered sea water, 
whose content of dissolved oxygen had already been determined. The content of 
dissolved oxygen was measured again after one hour of incubation. Experiments 
were. do~~ at artificially controlled water temperatures (4-6, 10-12 and 21-24°0). 
One mdtvrdual of >200 g was put in a box containing 11 of filtered sea water 30-
150 g in 700 ml, and <30 g in 500 ml, respectively. ' 
RESULTS 
Estimation of the amount of IYiolkposits proiluoeil IYy the oultureii scallops in Mutsu 
Bay 
In order to estimate the entire amount of biodeposits produced by scallops 
cultured by the hanging method in Mutsu Bay, various information, such as the 
total number of scallops, their size distribution, the amount of food, the relation-
s~p between body weight and biodeposit production, water temperature condi-
tion, etc., were investigated. 
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In the course of the present experiment, the maximum amount of suspended 
materials in natural sea water was found to be 13.4 mg/1 and the minimum was 
2.0 mg/1. Suspended materials less than 10 mg/1 was frequently measured but 
those over 12 mg/1 was rare. No marked seasonal change in the amount of 
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Fig. 2. The relationship between body weight and the amount of faeces (a) and pseudo-
faeces (b) produced in a day by a scallop. The amount of suspended material in 
natural sea water was generally less than 10 mg/1. The regressions are as follows: 
faeces; e, Y =5.1440X0.2~06 (r=0.4227, P<O.l), D, Y =0.3684X0 · 7000 (r=0.8489, P< 
0.001), o, Y=3.2964X'·"" (r=0.6842, P<O.OOl), ,., Y=l.3703X0·'"' (r=0.7402, P< 
0.001), pseudofaeces; e, Y=l.3354X0 • 380 ~ (r=0.4854, P<0.05), D, Y=0.1331X0 •8600 
(r=0.8528, P<O.OOl), o, Y=0.6345X0·"" (r=0.8227, P<O.OOl), ,., Y=0.5065X0·"'' 
(r=0.7581, P<O.OOl). 
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fluctuated between 3.6-27.1a0 (unpublished oceanographical data) and the tem-
perature at 10 m depth ranged from 5.79-24.67a0 (TsuCHIYA et al., 1979) 
Fig. 2 shows the relationship between the body weight and the amount of 
faeces (a) and pseudofaeces {b) produced in a day by a scallop for each water 
temperature range. Roughly speaking, larger individuals produced more faeces 
and pseudofaeces than smaller ones, although a large variation in biodeposit 
production may be seen ~ven in those of similar size. At 10-13a0, 9.12-18.0 mg 
of faeces and 1.8--3.8 mg of pseudofaeces were produced in a day by an individual 
scallop of 19 g, 9.5--32.4 mg of faeces and 5.0-10.5 mg of pseudofaeces by a 44 g 
scallop, and 20.9-36.3 mg of faeces and 7.1-13.0 mg of pseudofaeces by a 120 g 
scallop. There was no significant difference in faecal production at 3-6a0 and 10-
13a0. The amount of faeces produced by larger scallops was smaller at a water 
temperature of 25a0 than at low water temperatures (3-6 and 10-13a0). For 
scallops of any size, the amount of faeces was smaller at the water temperatures of 
20-22a0 than at 3-6 and 10-13a0. No marked seasonal difference was recognized 
in pseudofaecal production. 
Next, the amount of biodpeosits per unit body weight was calculated (Fig. 3a 
and b). In both faeces and pseudofaeces it was larger in smaller individuals 
than in larger ones. At 10-13a0, 0.49-0.74 mg of faeces and 0.10-0.20 mg of 
pseudofaeces were produced in a day by an individual scallop of 19 g, 0.22-0.72 mg 
of faeces and 0.08--0.11 mg of pseudofaeces by the 120 g one, respectively. 
The Aquaculture Center, Aomori Prefecture, makes it a rule to ask local fisher-
men twice a year to report about the number and size distribution of their 
cultured scallops. These data were used for the determination of the entire amount 
of biodeposits. 
Table 1 shows an example of examination of biodeposit by scallops cultured by 
the hanging method in Mutsu Bay in May, 1980 (a) and in October, 1980 (b). Shell 
length was converted into body weight by the regression presented by YAMAMOTO 
(1964). · The amount of faeces and pseudofaeces produced in a day by scallops of 
various sizes were calculated using the data shown in Fig. 2a and b. As the mean 
water temperature was about 20a0 in October, 1980 (TsucHIYA, unpublished data), 
calculations were conducted using the data measured at the water temperatures 
of 20-22a0. The mean daily production of faeces per individual for each size was 
obtained by applying the regression equation, Y =5.1440X0-250 6, and pseudofaeces 
by Y =l.3354X0•3864. In October, 1980, 8.3160X 108 individuals of 0 year-old scallop 
were estimated to be cultured in Mutsu Bay as a whole, and they were estimated to 
produce 5.39 metric tons of faeces and 1.60 metric tons of pseudofaeces in a day. 
2.97 metric tons of faeces and 1.53 metric tons of pseudofaeces were estimated to be 
produced by 2.080x108 individuals of scallop, which were the total number of 1 
year-old scallop cultured by the hanging method in Mutsu Bay. Therefore, 8.37 
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Fig. 3. The relationship between body weight and the amount of faeces (a) and pseudofaeces 
(b) produced in a day by unit body weight of scallop. The amount of suspended 
material in natural sea water was generally less than 10 mgfl. The regressions are as 
follows: faeces; e, Y=5.7743X-076112 (r=-0.8345, P>O.OOl), o Y=0.3436x-o.taoo (r= 
-0.3900,P>0.1), o, Y=3.2953X-'·"" (r=-0.7552, P<0.001), "• Y=1.3292X-'·""(r= 
-0.4701, P<0.05), pseudofaeces; e, Y=1.6924X-'·"" (r=-0.6763, P<0.001), o, Y= 
0.1270X-'·"" (r=-0.2475, P>0.1), o, Y=0.6918X-'·"" (r=-0.7101, P<0.001), 
"• Y=0.6093X-'·"" (r=-0.6890, P<0.001). 
total biodeposit might be produced in a day. In the same manner, the daily 
amount ofbiodeposit produced in May, 1980, when 2.74Xl0' individuals of 1 year-
old scallop and 1.74x107 individuals of 2 year-old scallop were cultured, was 
estimated to be 4.31 metric tons of faeces; 1.34 metric tons of pseudofaeces and 
5.65 metric tons of total biodeposit, respectively, using the regression equations 
shown in Fig. 2 (faeces: Y=l.3703X0•6626, pseudofaeces: Y=0.5065X0.616S). 
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Table. 1 
Estimation of the amount of biodeposits produced by the cultured scallops 
in rearing cages. 
Body ;"ight I Faeces I Pseudofaeces \ No./Bay Faeces Pseudo faeces 
mg/ind.jday mgjind./day Xl04 g/day g/day ., May, 1980 
1 year-old 
10-20 8.24 2.69 1, 641 135,218.4 44,142.9 
20-30 11.57 3.68 10,942 1, 265, 989. 4 402, 665. 6 
30-40 14.45 4.53 10,122 1, 462, 629. 0 458,526.6 
40-50 17.07 5.29 3,009 513, 636.3 159,176.1 
50-60 19.50 5.99 I, 094 213,330.0 65, 530. 6 
60-70 21.78 6.64 547 119, 136. 6 36,320.8 
2 year-old 
50- 60 19.50 5.99 16 3, 660.8 958.4 
60- 80 22.88 6.95 69 15,787.2 4,795.5 
80-110 27.03 8.11 296 80,008.8 24,005.6 
110-135 32.70 9.68 679 222,033.0 65,727.2 
135-175 37.91 11.11 487 184, 621. 7 54,105.7 
175-225 45.87 13.26 174 79,813.8 23,072.0 
225-275 53.18 15.22 16 8,508.8 2, 435.2 
275-325 60.01 17.03 5 3.000.5 851.5 
Total 29,097 4,307,374.3 I, 342, 313. 7 
b' October, 1980 
0 year-old 
I 5. 14 1. 34 3,326 170,956.4 44,568.4 
2 6.12 1. 76 42,412 2, 595, 614. 4 746, 451. 2 
3 6. 77 2.04 22,453 I, 520, 068. I 458,041.2 
4 7.28 2.28 10,811 787,040.8 246,490.8 
5 7.70 2.49 4,158 320,166.0 103,534.2 
1 year-old 
10- 20 10.14 3.80 208 21, 091. 2 7,904.0 
20- 30 11.52 4.63 208 23, 961. 6 9, 630. 4 
30- 40 12.54 5.28 I, 871 234.623.4 98,788.8 
40- 50 13.35 5.81 2, 911 388, 618. 5 169, 129. I 
50- 60 14.04 6.28 4,990 700,596.0 313,372.0 
60- 70 14.64 6.70 4, 990 730,536.0 334,330.0 
70- 80 15.18 7.08 2,495 378,741.0 176,646.0 
80- 90 15.66 7.43 1,871 292,998.6 139.015.3 
90-100 16.10 7.76 1,040 167,440.0 80,704.0 
100-110 16.51 8.06 208 3'4; 340.8 16,764.8 
Total 103,952 8, 366, 792.8 2, 945, 370. 2 
Mean 'water temperature: 12.0°0 (May, 1980), 19.7°0 (October, 1980) 
Mean amount of supspended materia], 6.8 mg/1 (May, 1980), 7.2 mg/1 (October, 1980) 
Effect of food concentration on the biodeposit production 
The effect of food concentration on the biodeposit production of normal and 
abnormal scallops was investigated under various food concentrations for normal 
and abnormal scallops (Fig. 4a and b). 
When the food concentration was below 20 mg/1, the amount of faeces produced 
by normal scallops was slightly less than that of pseudofaeces, but when it was 
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>20 mgfl, more pseudofaeces were produced than faeces. When food concentration 
increased, more pseudofaeces were produced, but the faecal production remained 
relatively constant irrespective of food concentration. The same trend was 
recognized in abnormal scallops, but less pseudofaeces were produced by abnormal 
scallops than by normal ones. This trend was more conspicuous at the food 
concentration levels of 40-100 mg/1. Next, biodeposits produced by unit body 
weight in a day were calculated (Fig. 4b). At the food concentration of below 20 
mg/1, larger amounts of pseudofaeces were produced by abnormal scallops than by 
normal ones. However, the reverse trend was recognized at the food concentrations 
of 70-100 mgfl. No marked difference was recognized between normal scallops and 
abnormal ones in faecal production. 
Body weight, tissue weight and gill weight of normal and abnormal scallops 
were measured (Table 2). The body weight of abnormal scallops was slightly 
less than that of normal ones and occasionally differed individually. The percentage 
of tissue weight to body weight of a normal scallop was slightly greater than that 
of an abnormal one, which also showed marked individual difference. The per-
centage of gill weight to tissue weight of a normal scallop was slightly larger than 
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Fig. 4. The relationship between food concentration and the amount of biodeposit 
produced by normal (57.06±8.46 g, mean±99% CI) and abnormal (39.49±12.79 
g) scallops (a), and the amount of biodeposit produced by ~unit body weight of a 
scallop (b) in a day. E~eriments were conducted at the water temperatures of 5.0-
7.000. 
Oxygen uptake 
Oxygen uptake was measured for the scallops of various sizes at the water tem-
peratures of 4--6, 10-12 and 21-24°0. Fig 5a shows the relationship between the 
body weight and oxygen uptake. Larger individuals consumed more oxygen. At 
the water temperatures of 21-24 °0, 5.5 mg of oxygen was consumed in one hour 
by an individual of 250 g, 3.6 mg by an individual of 100 g and 1.1 mg by an 
individual of 7 g, respectively. In all size classes examined, oxygen uptake 
decreased with decreasing water temperature. At the water temperatures of 4.0-
6.000, 2.1 mg of oxygen was consumed in one hour by an individual of 250 g, 1.3 
mg by an individual of 100 g and 0.3 mg by an individual of 7 g, respectively. 
Fig. 5b shows the relationship between the body weight and oxygen consump-
tion by unit body weight per hour. Oxygen uptake was greater m smaller 
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individuals than in larger ones. The effect of body weight was remarkable. 
Oxygen uptake measured for 1.5 year-old normal and abnormal scallops at 
the water temperatures of 5.0-8.0°0 did not differ (Fig. 5a and b). 
Table 2. 
Differences in body length, total body weight, tissue weight/total body weight and 






















of the same age (1.5 yr-old). 
I 
Body length I Total body I Tissue weight/total 
(mm) weight (g) body weight (%) 
... 
76 67.5 31.53 
79 57.0 28.92 
74 56.6 29.40 
73 56.0 31.89 
74 45.6 31.40 
79 41.6 33.13 
80 63.3 35.13 
79 52.4 32.40 
76. 75±5. 34 55. 00±16.13 31. 73±3. 75 
69 52.3 33.24 
70 52.8 34.57 
65 34.3 31.10 
69 49.5 29.37 
60 27.7 19.32 
59 33.1 29.41 
59 30.1 35.63 
66 36.1 26.11 
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Fig. 5. The relationship between body weight and oxygen uptake per individual per hour 
(a), and oxygen uptake per unit body weight of scallop (b) at different water tem-
peratures in filtered sea water. 
DISCUSSION 
The scallop, Patinopecten yessoensis, is the most important marine product 
in Mutsu Bay. The biodeposits of scallops cultured in the cultivation cages may 
influence the physical and chemical environment and the life at sea bottom. About 
six metric tons of faeces, about two metric tons of pseudofaeces and about eight 
metric tons of total biodeposits were estimated to be produced in a day by cultured 
scallops. It is difficult to estimate the annual production of biodeposits using the 
data described in the present paper, because the estimation of daily production 
was conducted only two times and the growth of scallops was not considered. 
With consideration for the growth, the actual amount of biodeposit produced 
by the cultured scallops in natural habitat may be about five times as large in 
the amount as that estinated in the present paper (Tsuchiya, unpublished data). 
The check of the data has to be conducted in detail. 
Twenty-five years have passed since the hanging culture of the scallop was 
initiated in Mutsu Bay. The amount of suspension feeders in a water column has 
greatly increased and several hundred millions of individuals are presently cultured 
in the bay (Table 1). They produce a large amount ofbiodeposits, but not all of the 
biodeposits produced by the scallops in the cultivation cages sink directly to sea 
bottom. ARAKAWA et al. (1971) reported that only 20-30% of the biodeposits 
produced by suspension feeders attached to the raft of oyster culture would sink to 
tlie sea bed in calm water. The greater part may be washed away by the strong 
water movement in Mutsu Bay. This is supported by the fact that though many 
suspension feeders inhabit rocky shores and produce a large amount of biodeposits, 
for instance, a Myti/ius eilulis population living in one square meter is estimated 
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to produce 9.20 kg of faeces and 2. 71 kg of pseudofaeces in a year (TsuoHIYA, 
1980), Its effect on the water and bottom environments and on other sea life has 
u~t. become an issue. The biodeposits washed away may be used as food for 
ralSlng scallops, but the details of this process remain unknown. 
Naturally, larger scallops produce more biodeposits (Fig. 2a and b), but 
the. a~ount of biodeposits produced per unit body weight is greater in the smaller 
mdmduals (Fig. 3a and b). These results suggest that there is a physiological 
differeuce which occurs during growth, but the details of this process remain 
unkn~wn. It is suggested that the younger the scallops, the higher the feeding 
activity. 
. FUJI and HASHIZUME (1974) investigated the energy budget of P. yessoensis 
m Mutsu Bay and reported that no marked seasonal variation in faecal and 
pseudofaecal production was recognized. In the present study, no marked seasonal 
difference in pseudofaecal production was recognized, but a greater amonnt of 
faeces seemed to be produced during the cold season. The relationship between 
the amount of suspended material and biodeposit production must be investigated 
further. 
As shown in Fig. 5, the amonnt of pseudofaeces increased with increasing food 
concentration, while that of faeces was constant. Several other workers have also 
recognized a similar trend (CHIBA and 0HSHIMA, 1957; HAVEN and MORALES-ALAMO 
1966; TENORE and DUNSTAN, 1973; FosTER-SMITH, 1975; TsucmYA, 1980). Thes~ 
observations suggest that when food is present in excess, the scallop ingests only 
the necessary amount of food and egests the remainder as pseudofaeces. When 
suspended material exceeds 20 mg/1 in the natural habitat, the scallop may produce 
more pseudofaeces. 
It is well known that the filtration rate decreases with increasing food 
concentration for many bivalves (DRAL, 1968; WINTER, 1970, 1973; WALNE, 1972; 
ScHULTE, 1971; EPIFANIO and EwART, 1977). In other words, there is a maximum 
amount of food which can be filtered. When the food exceeds this maximum, the 
excess food simply gets inside the shells without being aggregated by the gills. 
This is suggested by the rate of pseudofaccal production of abnormal scallops. 
The increasing rate of pseudofaecal production of an abnormal scallop is smaller 
than that of normal one (Fig. 4). The size of an abnormal scallop is smaller than 
that of the same aged normal one, and larger scallops produce more biodeposits. 
Therefore, the difference of the amonnt of biodeposits between normal and 
abnormal scallops may be due to the size difference. But a similar difference is 
also recognized judging from the amount of biodeposits produced by unit body 
weight of the scallop. Fig. 3 shows that smaller scallops produce more biodeposits 
per nnit body weight. This may be the character of an abnormal scallop. The 
rate of gill weight/tissue weight of normal scallop is not greatly different from that 
of an abnormal one (Table 2). Consequently, gill activity of abnormal scallops may 
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be weaker than that of normal ones. YAMAMOTO (1956) reported that ciliary activity 
of gill pieces was cosiderably decreased by adding a small amount of suspended 
silt into the dish, especially in the young scallop. Since the same aged scallops 
were used in the present study, it is suggested that there might be a difference in a 
ciliary activity between normal and abnormal scallops, especially under higher 
food concentrations. Ciliary activity of the small abnormal scallop and the 
degree of abnormality must be quantified. 
It is well !mown that the body size and water temperature affect the respira-
tion of the marine invertebrates (READ, 1962; KINNE, 1970; NEwELL et al., 1977). 
Several investigations of th9 scallop, have shown that water temperature and 
body size are important factors (VAN DAM, 1954; FuJI and HASHIZUME, 1974; VAHL, 
1978). The present study showed that more oxygen was consumed by the larger 
scallops than by the smaller ones and the reverse trend was recognized in the oxygen 
uptake per nnit body weight. The respiration rate of young scallops is higher. 
The body size of abnormal scallops is smaller than that of the same aged normal 
ones, consequently oxygen consumption of the abnormal scallop is less than that 
of the same aged normal one. This may be due to the difference in the body size 
between the normal and abnormal scallops. 
The oxygen consumption increased with increasing water temperature. FuJI 
and HAsHIZUME (1974) reported that the oxygen consumption of Patinopecten 
yessoensis showed conspicuous seasonal changes which were higher in summer than 
in other seasons. VAN DAM (1954) reported a similar trend in the ·respiration 
of Pecten grandi and P. irradus. V AHL (1978) reported, on the other hand, that 
the oxygen consumption of the Iceland scallop Ohlamys islandica increased in the 
beginning of April and reached a maximum in late April to May, and thereafter 
it decreased and reached a minimum in winter. It is unknown why the effect of 
water temperature on respiration of this Iceland scallop differs from that of other 
scallops. Analysis of geographical variation may be necessary. 
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NisruHmA for kindly reading the manuscript. This study was partially . supported by 
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